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ABSTRACT 



A method for decomposing an organic compound by using 
functional water followed by neutralization of the wastewa- 
ter not to affect the environment. 

5 Claims, 7 Drawing Sheets 
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METHOD FOR DECOMPOSING 
HALOGENATED ALIPHATIC 
HYDROCARBON COMPOUNDS OR 
AROMATIC COMPOUNDS, METHOD FOR 
CLEANING MEDIUM CONTAMINATED 

WITH AT LEAST ONE OF THESE 
COMPOUNDS, AND APPARATUS FOR 
THESE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method for decompos- 
ing halogen ated aliphatic hydrocarbon compounds or aro- 
matic compounds, a method for cleaning a medium con- 
taminated with at least one of these compounds, and an 
apparatus to be used for the same. 

2. Related Background Art 

As the industry develops, a variety of halogenated ali- 
phatic hydrocarbon compounds and aromatic compounds 
have been used in large amounts, posing severe disposal 
problems. A variety of halogenated aliphatic hydrocarbon 
wastes have been causing environmental problems, e.g., 
pollution of natural environments, and a great deal of efforts 
have been made to solve these problems. 

For example, a combustion process has been proposed to 
decompose chlorinated aliphatic hydrocarbon compounds, 
where the compounds are first adsorbed to activated char- 
coal or the like and then burned. 

Also techniques of using an oxidizing agent or a catalyst 
for decomposing chlorinated aliphatic hydrocarbon com- 
pounds have been proposed. Specific examples include a 
process of decomposing harmful hydrocarbons by means of 
ozone (Japanese Patent Application Laid-Open No. 
3-38297), a process of wet oxidation decomposition at high 
temperature under high pressure and a process of oxidization 
decomposition with hydrogen peroxide or a salt of iron 
(Japanese Patent Application Laid-Open No. 60-261590). 

There is also a proposed process wherein sodium 
hypochlorite is used as an oxidizing agent (U.S. Pat. No. 
5,611,642), or a combination use of sodium hypochlorite 
and UV irradiation (U.S. Pat. No. 5,582,741). There is also 
a proposed process where a suspension of a photocatalyst 
(fine particles of an oxide semiconductor such as titanium 
oxide) in liquid chlorinated aliphatic hydrocarbons is pre- 
pared under alkaline conditions and decomposed by light 
irradiation (Japanese Patent Application Laid-Open No. 
7-144137). 

Also, a photolysis process of decomposing chlorinated 
aliphatic hydrocarbon compounds by irradiating with UV 
light in a gaseous phase without an oxidizing agent is 
proposed (H. Seki et al, "Contaminated Groundwater and 
Soil: Present Condition and Countermeasure", ed. by Kansai 
Branch of Japan Water Environment Society and Environ- 
mental Technology Research Institute, 1995; Japanese 
Patent Application Laid-Open No. 8-243351). 

It is known that chlorinated aliphatic hydrocarbons such 
as trichloroethylene (TCE) and polychloroethylene (PCE) 
are decomposed by microorganisms aerobically or 
anaerobically, and there were attempts to decompose such 
compounds and purify the natural environment by such a 
microbial process. 

Japanese Patent Application Laid-Open No. 8-141367 
discloses a process of decomposing CFCs by mixing them 
with fuel such as alcohol or ether and burning them in the 
presence of a catalyst. 
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U.S. Pat. No. 5,393,394 discloses a process of decom- 
posing CFCs by exposing them to ultraviolet light either 
directly or after dissolving them into a solvent. 

Japanese Patent Application Laid-Open No. 3-074507 
5 discloses a method for reductively decomposing gaseous 
chlorofluoro hydrocarbon by contacting it with an electrode 
in an electrolytic vessel. 

As proposed, techniques for decomposing the other 
organic compounds, e.g., hardly decomposable aromatic 
30 compounds such as those having a biphenyl bond and/or a 
biphenyl skeleton, there are (1) combustion, (2) decompo- 
sition by UV or ionizing radiation exposure and (3) decom- 
position using microorganisms. In Japan, only method (1) is 
in practice. 

As a method for decomposing biphenyl compounds, there 
is a process wherein such compounds are decomposed by 
irradiation with UV light directly or after dissolving them 
into a solvent. For example, Japanese Patent Publication No. 
20 52-47459 discloses a method of rendering polychlorinated 
biphenyl harmless by dissolving it into alkaline alcohol, 
removing oxygen from the solution and then exposing the 
solution to ionizing radiation or UV light. 
Other known techniques for rendering PCB harmless 
25 include those described in Japanese Patent Laid-Open Appli- 
cation No. 62-191095 and Japanese Patent Publication Nos. 
49-45027 and 57-166175. 

Japanese Patent Application Laid-Open No. 7-000819 
discloses a method for removing polychlorinated biphenyl 
30 etc. by utilizing the photocatalytic activity of titanium oxide. 
Japanese Patent Application Laid-Open No. 8-000759 
describes a photodecomposition apparatus and method for 
degrading polychlorinated biphenyl. 

Methods for degrading biphenyl compounds by utilizing 
35 microorganisms have been disclosed by, for example, Japa- 
nese Patent Application Laid-Open No. 8-229385. 

SUMMARY OF THE INVENTION 

4Q The inventors of the present invention have studied the 
above-mentioned methods for decomposing halogenated 
aliphatic hydrocarbon and aromatic compounds, and found 
out that they have, or involve problems, concluding that 
there are still strong needs for eco-friendly technology for 

45 decomposing halogenated aliphatic hydrocarbon com- 
pounds or aromatic compounds. In a study for achieving the 
above objects, the inventors found that functional water, 
e.g., acidic functional water, which is obtained through 
electrolysis of water and of which sterilizing effect 

5Q (Japanese Patent Application Laid-Open No. 1-180293) and 
cleansing effect for the surface of semiconductor wafers 
(Japanese Patent Application Laid-Open No. 7-51675) have 
been reported, can remarkably accelerate the decomposition 
of halogenated aliphatic hydrocarbon compounds or aro- 

55 matic compounds under light irradiation. 

The present invention is based on this finding. 
An object of the present invention is to provide a method 
of efficiently decomposing halogenated aliphatic hydrocar- 
bon compounds or aromatic compounds in a more eco- 

60 friendly manner with less possibility of producing decom- 
position products that will cause another environmental 
contamination, as well as an apparatus to be used for such 
a method. 

Another object of the present invention is to provide a 
65 method for efficiently purifying an exhaust containing halo- 
genated aliphatic hydrocarbon compounds or aromatic com- 
pounds and an apparatus to be used for such a method. 
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According to an aspect of the present invention, there is 
provided a method for decomposing halogen ated aliphatic 
hydrocarbon compounds or aromatic compounds, which 
comprises the steps of: 

(i) contacting a halogenated aliphatic hydrocarbon com- 5 
pound or aromatic compound with functional water 
under irradiation with light, the functional water being 
produced by electrolysis of an aqueous electrolyte 
solution; and 

(ii) neutralizing wastewater from the step (i). ao 
According to another aspect of the present invention, 

there is provided a method for decomposing halogenated 
aliphatic hydrocarbon compounds or aromatic compounds, 
which comprises the steps of: 

(i) bringing the halogenated aliphatic hydrocarbon com- 35 
pound or aromatic compound into contact with func- 
tional water containing hypochlorous acid under irra- 
diation with light; and 

(ii) neutralizing wastewater from the step (i). 
According to still another embodiment of the present 20 

invention, there is provided a method for decomposing 
halogenated aliphatic hydrocarbons or aromatic compounds, 
which comprises the steps of: 

(i) bringing a halogenated aliphatic hydrocarbon com- 
pound or aromatic compound into contact with func- 25 
tional water under irradiation with light, the functional 
water being produced by electrolysis of an aqueous 
electrolyte solution; and 

(ii) bringing wastewater from the step (i) into contact with 

a microorganism which can decompose a compound 30 

contained in wastewater from the step (i). 
According to still another aspect of the present invention, 
there is provided a method for decomposing halogenated 
aliphatic hydrocarbon compounds or aromatic compounds, 
which comprises the steps of: 35 

(i) bringing a halogenated aliphatic hydrocarbon com- 
pound or aromatic compound into contact with func- 
tional water under irradiation with light, the functional 
water being produced by electrolysis of an aqueous 4Q 
electrolyte solution; and 

(ii) bringing wastewater from the step (i) into contact with 
a microorganism which can decompose a compound 
contained in the wastewater from the step (i). 

According to still another aspect of the present invention, 45 
there is provided a method for purifying a medium polluted 
with at least one of halogenated aliphatic hydrocarbon 
compounds and aromatic compounds, which comprises the 
steps of: 

(i) contacting the contaminated medium with functional 50 
water under irradiation with light, the functional water 
being produced by electrolysis of an aqueous electro- 
lyte solution; and 

(ii) neutralizing wastewater from the step (i). 
According to still another aspect of the present invention, 55 

there is provided a method for purifying a medium polluted 
with at least one of halogenated aliphatic hydrocarbon 
compounds and aromatic compounds which comprises the 
steps of: 

(i) contacting the contaminated medium with functional 60 
water containing hypochloric acid under irradiation 
with light; and 

(ii) neutralizing wastewater from the step (i). 
According to still another aspect of the invention, there is 

provided an apparatus for decomposing at least one of 65 
halogenated aliphatic hydrocarbon compounds and aromatic 
compounds, which comprises: 
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(1) an electrolysis tank having an anodic and cathodic 
compartments partitioned with a diaphragm, a pair of 
electrodes provided in the compartments respectively, 
and a power source to apply a potential to the 
electrodes, 

(2) means for supplying an aqueous electrolytic solution 
to the electrolysis tank, 

(3) means for irradiating light at least to the anodic 
compartment of the electrolysis tank, 

(4) means for supplying the halogenated aliphatic hydro- 
carbon compound or the aromatic compound to be 
decomposed to the anodic compartment in the elec- 
trolysis tank, and 

(5) means for mixing wastewater discharged from the 
anodic compartment of the electrolysis tank with a 
liquid flowing out from the cathodic compartment of 
the electrolysis tank. 

According to still another aspect of the invention, there is 
provided an apparatus for decomposing halogenated ali- 
phatic hydrocarbon compounds or aromatic compounds, 
which comprises 

(1) a decomposition treatment tank, 

(2) means for supplying functional water to the decom- 
position treatment tank, the functional water being 
produced around an anode when an aqueous electro- 
lytic solution is electrolyzed in an electrolytic tank 
having two compartments partitioned by a diaphragm 
and provided with an anode and a cathode respectively, 

(3) means for supplying the halogenated aliphatic hydro- 
carbon compound or the aromatic compound to be 
decomposed to the decomposition treatment tank, 

(4) means for irradiating light to the decomposition treat- 
ment tank, and 

(5) means for mixing wastewater discharged from the 
decomposition treatment tank with alkaline water pro- 
duced around the cathode by the electrolysis of the 
aqueous electrolytic solution. 

According to still another aspect of the invention, there is 
provided an apparatus for decomposing halogenated ali- 
phatic hydrocarbon compounds or aromatic compounds, 
which comprises 

(1) a decomposition treatment tank for holding functional 
water containing hypochlorous acid, 

(2) means for supplying the halogenated aliphatic hydro- 
carbon compound or the aromatic compound to be 
decomposed to the decomposition treatment tank, 

(3) means for irradiating light to the decomposition treat- 
ment tank, and 

(4) means for mixing wastewater discharged from the 
decomposition treatment tank with an alkaline aqueous 
solution. 

According to still another aspect of the invention, there is 
provided an apparatus for decomposing halogenated ali- 
phatic hydrocarbon compounds or aromatic compounds, 
which comprises 

(1) an electrolysis tank having an anodic and cathodic 
compartments partitioned with a diaphragm, a pair of 
electrodes each provided in each component, and a 
power source to apply a potential to the electrodes, 

(2) means for supplying an aqueous electrolytic solution 
to the electrolysis tank, 

(3) means for irradiating light at least to the anodic 
compartment of the electrolysis tank, 

(4) means for supplying the halogenated aliphatic hydro- 
carbon compound or the aromatic compound to be 
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decomposed to the anodic compartment in the elec- FIG. 5 is a schematic diagram of still another embodiment 

trolysis tank, and of the apparatus of the present invention for decomposing 

(5) means for mixing wastewater discharged from the halogenated aliphatic hydrocarbon compounds; 

anodic compartment of the electrolysis tank with a FIG. 6 is a schematic diagram of still another embodiment 

microorganism which can degrade a halogenated acid. 5 0 f the apparatus of the present invention for decomposing 

According to still another aspect of the invention, there is gaseous halogenated aliphatic hydrocarbon compounds; and 

provided an apparatus for decomposing halogenated ali- FIG. 7 is a schematic diagram of one embodiment of the 

phatic hydrocarbon compounds or aromatic compounds, apparatus of the present invention for purifying exhaust 

which comprises gases. 

(1) a decomposition treatment tank, 10 

(2) means for supplying functional water to the decom- ^^S^^ 
position treatment tank, where the functional water is PREFERRED EMBODIMENTS 
produced around an anode when an aqueous electro- One method of the present invention for decomposing 
lytic solution is electrolyzed in an electrolytic tank halogenated aliphatic hydrocarbon compounds or aromatic 
having an anodic and cathodic compartments parti- 15 compounds or both (hereinafter referred to as the target 
tioned by a diaphragm and provided with an anode and substance) comprises the steps of: 

a cathode respectively, ^ con t a cting the target substance with functional water 

(3) means for supplying the halogenated aliphatic hydro- produced by electrolysis of water containing an elec- 
carbon compound or the aromatic compound to be trolyte under irradiation with light; and 
decomposed to the decomposition treatment tank, 20 neutralizmg the wastewater from the step (i) (a result- 

(4) means for irradiating light to the decomposition treat- mg somt i on a f te r treatment of the step (i)). 

ment tank, and Another method of the present invention for decomposing 

(5) means for mixing wastewater discharged from the tne target substance comprises the steps of: 
decomposition treatment tank with a microorganism 25 q contactmg the target substance with functional water 
which can degrade a halogenated acid. containing hypochlorous acid under irradiation with 

According to still further aspect of the invention, there is light and 

provided an apparatus for decomposing halogenated ali- nemralizi lhe wast ewater from the step (i). 

phatic hydrocarbon compounds or aromatic compounds, Functional water can be obtained near the anode when an 

which comprises 30 e [ eclro iy te (e.g. sodium chloride or potassium chloride) is 

(1) a decomposition treatment tank for holding the func- dissolved into the source water and the solution is subjected 
tional water containing hypochlorous acid, tQ eiect^y^ in a water tank provided with a pair of 

(2) means for supplying the halogenated aliphatic hydro- electrodes. Functional water as used herein refers to water 
carbon compound or the aromatic compound to be having a hydrogen ion concentration (pH) between 1 and 4, 
decomposed to the decomposition treatment tank, 35 an oxidation-reduction potential between 800 mV and 1,500 

3) means for irradiating light to the decomposition treat- m v when measured by using platinum and silver-silver 

ment tank, and chloride as the working and the reference electrodes 

(4) means for mixing wastewater discharged from the respectively, and a chlorine concentration between 5 

decomposition treatment tank with a microorganism mg/liter and 150 mg/liter, preferably between 30 mg/liter 

which can degrade a halogenated acid. 40 and 120 mg/liter. 

According to the above-mentioned embodiments of the For preparing functional water having the above charac- 

present invention, halogenated aliphatic hydrocarbon com- teristic properties, the concentration of the electrolyte, for 

pounds or aromatic compounds can be decomposed with a example, sodium chloride, in the source water prior to 

lessened burden to the environment. electrolysis is preferably between 20 mg/1 and 2,000 mg/1 

Further, according to the embodiments of the present 45 and the electrolytic current is preferably between 2 A and 20 

invention, a medium contaminated with halogenated ali- A. To obtain such functional water, any commercially avail- 

phatic hydrocarbon compounds or aromatic compounds or able strongly acidic electrolytic water generator (e.g., 

both can be purified with a lessened burden to the environ- OASYS Bio HALF: trade name, a product of Asahi Glass 

ment. Engineering, or Strong Electrolytic Water Generator Model 

Still, according to the embodiments of the present inven- 50 FW-200: trade name, a product of Amano) may be used, 

tion halogenated aliphatic hydrocarbon compounds or aro- Undesired mixing of the acidic functional water produced 

matic compounds or both can be decomposed more safely around the anode and the alkaline water produced around the 

and efficiently. cathode can be prevented by providing a diaphragm between 

BRIEF DESCRIPTION OF THE DRAWINGS ,he ^ electro **> to effectively obtain acidic functional 

55 water that can efficiently decompose the target substance. 
FIG. 1 is a schematic diagram of an embodiment of the Such a diaphragm may suitably be an ion exchange mem- 
apparatus of the present invention for decomposing haloge- brane. 

nated aliphatic hydrocarbon compounds; Functional water which contains hypochlorous acid can 

FIG. 2 is a schematic diagram of another embodiment of be also used for the present invention, which is almost as 

the apparatus of the present invention for decomposing 60 effective as the functional water prepared by electrolysis in 

halogenated aliphatic hydrocarbon compounds; decomposing the target substance. Specifically, an aqueous 

FIG. 3 is a schematic diagram of still another embodiment solution containing 0.001 N-0,1 N hydrochloric acid, 0.005 

of the apparatus of the present invention for decomposing N-0.02 N sodium chloride and 0.0001 M-0.1 M sodium 

gaseous halogenated aliphatic hydrocarbon compounds; hypochlorite can be effectively used to decompose the target 

FIG. 4 is a schematic diagram of still another embodiment 65 substance, 

of the apparatus of the present invention for decomposing Also, functional water with a pH value not higher than 4.0 

halogenated aliphatic hydrocarbon compounds; and a chlorine concentration not lower than 2 mg/1 may be 
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prepared by using hydrochloric acid and hypochlorite. dichlorobiphenyl, 4,4 , -dichlorobiphenyl, 2,4'- 

Hydrochloric acid may be replaced by some other inorganic dichlorobiphenyl, 2,3-dichlorobiphenyl, 2,4- 

acid or by an organic acid. Inorganic acids that can be used dichlorobiphenyl, 2,5-dichlorobiphenyl, 2,6- 

for the purpose of the invention include hydrofluoric acid, dichlorobiphenyl, 3,4-dichlorobiphenyl, 3,5- 

sulfuric acid, phosphoric acid and boric acid, whereas 5 dichlorobiphenyl, 2,4,4'-trichlorobiphenyl, 2, 2', 5- 

organic acids that can be used for the purpose of the trichlorobiphenyl, 2,3',5-trichlorobiphenyl, 2,4', 5- 

invention include acetic acid, formic acid, malic acid, citric trichlorobiphenyl, 2 1 ,3,4 -trichlorobiphenyl, 2,3,4- 

acid and oxalic acid. A commercially available weak acidic trichlorobiphenyl, 2,3,6-trichlorobiphenyl, 2,4,5- 

functional water-generating powder (e.g., Kino-san 21 X: trichlorobiphenyl and 2,4,6-trichlorobiphenyl. Additionally, 

trade name, a product of Clean Chemical) typically contain- 10 compounds obtained by replacing any of the chlorine atoms 

ing N 3 C 3 0 3 NaCl 2 may also be used for preparing functional of any of the above listed biphenyl compounds with a 

water. Such functional water prepared by formulation has an fluorine or bromine atom may also be decomposed by the 

ability of decomposing the target substance when irradiated method according to the invention. 

with light, as with the functional water prepared by Any compounds may be used as a target substance to be 

electrolysis, although the capability may vary in efficiency. 35 decomposed in the present invention, so long as it can be 

Source water in which these agents are dissolved refers to decomposed by the functional water and light irradiation, 

tap water, river water or sea water. Such water typically Irradiation light for decomposing the target substance in 

shows a pH value between 6 and 8 and a chlorine concen- functional water preferably has a wavelength between 300 

tration of less than 1 mg/1 at maximum and hence does not and 500 nm, more preferably between 350 and 450 nm. 

have any ability of decomposing the target substance. 20 From the viewpoint of decomposition efficiency, the inten- 

Examples of halogenated aliphatic hydrocarbon com- sity of irradiation to a mixture of functional water and the 

pounds to be decomposed by a method according to the target substance to be decomposed is preferably between 10 

invention include aliphatic hydrocarbon compounds substi- ^W/cm 2 and 10 mW/cm 2 , more preferably between 50 

tuted by at least either chlorine or fluorine atom. Specific ^W/cm 2 and 5 mW/cm 2 . For example, light from a light 

examples include 1 to 4 chlorine atom-substituted methane, 25 source with a peak wavelength of 365 nm and an intensity 

1 to 6 chlorine atom-substituted ethane, 1 to 4 chlorine of several hundreds /iW/cm 2 (as measured in a wavelength 

atom-substituted ethylene, 1 to 2 chlorine atom-substituted range between 300 nm and 400 nm) is sufficient for decom- 

acetylene, 1 to 8 chlorine atom-substituted propane, 1 to 6 posing the target substance in practical applications. Either 

chlorine atom -substituted propylene, 1 to 4 chlorine atom- natural light (e.g., sun light) or artificial light (from a 

substituted allene (propadiene), 1 to 4 chlorine atom- 30 mercury lamp, a black lamp or a color (e.g., blue) fluorescent 

substituted allylene (methylacetylene), 1 to 10 chlorine lamp) can be used for the purpose of the invention, 

atom-substituted butane, 1 to 8 chlorine atom-substituted 1-, Irradiation can be carried out either directly in the reactor 

2- or iso-butene and 1 to 6 chlorine a torn -substituted 1,3- container or from the outside through a transparent container 

butadiene. wall. In the embodiments of the present invention, it is not 

More specifically, examples of such chlorine-substituted 35 necessary to use beams that may adversely affect the human 

products include trichlorofluoro methane (CFC-11), dichlo- body (e.g., UV light of a wavelength of 250 nm or smaller), 

rofluoro methane (CFC-12), chlorotrifluoromethane (CFC- so that glass or plastic can be used for the reactor container. 

13), bromotrifluoromethane (CFC-13B1), carbon tetrafluo- Neutralization Step 

ride (CFC-14), dichlorofluoromethane (CFC-21), On completion, or near completion, of the decomposition 

chlorodifluoromethane (CFC-22), trifluorome thane (CFC- 40 step (i), the wastewater resulting from the step (i) is neu- 

23), l,2-difluoro-l,l,2,2-tetrachloro ethane, 1,1,2-trichloro- tralized in the step (ii). More concretely, water containing 

1,2,2-trifluoro ethane (CFC-113), l,2-dibromo-l-chloro-l,2, the decomposition product (e.g., halogenated acid such as 

2 -trifluoro ethane (CFC-113B2), l,2-dichloro-l,l,2,2- dichloroacetic acid) derived from the target substance after 

tetrafluoroethane (CFC- 11 4), l,2-dibromo-l,l,2,2- treatment with the functional water and light irradiation, is 

tetrafluoroethane (CFC-114B2), 2,2-dichloro- 1,1,1- 45 neutralized to pH 5 or higher, more preferably pH 6 to 8. 

trifluoroe thane (CFC-123), chlorodifluo roe thane (CFC- The mechanism of the decomposition of the target sub- 

142), 1,1-difluoroe thane (CFC- 152), tetrafluoroethane, stance in contact with functional water under light irradia- 

chloropentafluoroethane and hexafluoroethane (CFC-116). tion is still unknown, but presumably the halogenated ali- 

Additionally, azeotropic mixtures of any of the above listed phatic hydrocarbon or aromatic compound is decomposed 

compounds (e.g., CFC-500 and CFC-502), vinylfluoride, 50 by the action of chlorine radicals formed from chlorine of 

vinylidenefluoride, hexafluoropropy lene, hypochlorous acid by photoexcitation. Therefore, the func- 

tetrafluoroethylene, chlorotrifluoroethylene and propylene tional water used for decomposition is acidic in many cases, 

hexafluoride may also be decomposed by a method accord- and the wastewater also remains acidic after the decompo- 

ing to the invention. Still additionally, halogenated aliphatic sition. The release of the acidic wastewater may cause 

hydrocarbon compounds of not more than three carbon 55 environmental problems, even if the target substance has 

atoms substituted with at least one halogen atom selected been completely decomposed. Such a concern can be solved 

from fluorine, chlorine and bromine may also be decom- by neutralizing the wastewater from the step (i). 

posed by a method according to the invention. For the neutralization step, alkaline water formed around 

Specific examples of aromatic compounds that can be the cathode during electrolysis of an aqueous electrolyte 

decomposed by a method according to the invention include 60 solution can be used. When acidic functional water produced 

benzene, halogenated cyclic hydrocarbons or aromatic by electrolysis of an electrolyte solution is used as the 

hydrocarbons such as benzene trifluoride, perfluorobenzene functional water, alkaline water is concomitantly produced, 

and perfluorome thy Idee alin. Biphenyls can be decomposed Thus, alkaline water is preferably used for the neutralization 

by a method according to the invention. Specific examples step, in view of effective utilization of resources, 

of such biphenyl compounds include biphenyl, dehydrodi- 65 The residual chlorine concentration of the wastewater 

vanilic acid, 2-chlorobiphenyl, 3-chlorobiphenyl, from the decomposition step is supposedly 1 mg/1 or less, if 

4-chlorobiphenyl, 2,2'-dichlorobiphenyl, 3,3*- the function of the functional water to decompose a halo- 
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genated compound has been fully exploited. However, when 
the wastewater still having decomposing activity is 
discharged, it is preferable to reduce residual chlorine con- 
centration of the wastewater to 1 mg/1 or less by a proper 
method, e.g., aeration or irradiation of light before 5 
discharge, more preferably to an extent not to hamper the 
activities of microorganisms in the environment. 

The wastewater may be released directly to the environ- 
ment after the residual chlorine concentration is reduced not 
to hamper the activities of microorganisms in the environ- lfl 
ment. However, the neutralization step may be followed by 
a microbial treatment step. For example, the inventors have 
found that halogenated acetic acid is formed as the decom- 
position by-product, when a halogenated aliphatic hydro- 
carbon is decomposed in accordance with the method of the 
present invention. For example, dichloroacetic and trichlo- 15 
roacetic acid may be produced when TCE and PCE are 
decomposed, respectively. Wastewater discharged from the 
process based on the method of the present invention may 
contain such halogenated acids in a trace amount. In such a 
case, the wastewater can be further processed by using a 20 
halo acid-degrading microorganism to a level more pliable 
to the environment, to make the decomposition process 
more harmless to the environment. 

Any type of microorganism may be used in the present 
invention, so long as it can decompose the decomposition 2s 
product, and activated sludge or soil microorganisms can be 
used. When the degradation product is a halogenated acid 
(e.g., dichloroacetic acid), it can be decomposed by common 
activated sludge. Thus, the microbial treatment of the waste- 
water containing dichloroacetic acid is to introduce it into an 30 
activated sludge tank. The inventors have confirmed that 
trichloroacetic acid can be also decomposed in an activated 
sludge tank. It is known, as mentioned above, that dichlo- 
roacetic acid can be easily decomposed by aerobic micro- 
organisms. The microorganisms isolated and identified so 35 
far and useful for the present invention include Xanthobac- 
tor autotrophicus GJ10 (Heinz, U. and Rehm, H-J., Applied 
Microbiology and Biotechnology, 40, 158-164). The appli- 
cants have discovered Re nob actor sp. strain AC, FERM 
BP-5353, highly efficient in decomposing halogenated acid 40 
such as dichloroacetic and trichloroacetic acid, which is 
described in detail in the specification of Japanese Patent 
Application Laid-Open No.140665/1996. It is one of the 
most suitable microorganisms to be used in the present 
invention. The complete taxonomical description of FERM 45 
BP-5353 is as follows (the identification criteria: according 
to Barge's Manual (1984)): 

A. Morphology 
Gram stain: negative 

Cell size and shape: Length: 1.0 to 2.0 fim, 50 
width: 0.2 to 0.5 ^m, C- or S-shaped rod 
Mobility: No mobility 
Colony color: White to cream 

B. Growth conditions in different culture media 

BHIA: Good 55 
MacConkey: Poor 

C. Optimum growth temperature: 25 to 35° C. 

D. Physiological properties 
Aerobic or anaerobic: Aerobic 

TSI (slant/butt): alkali/alkali, H 2 S (-) 60 
Oxidase: Positive 
Catalase: Positive 

As described above, the decomposition method of the 
present invention includes a neutralization step. This step, 
however, can be dispensed with, when the wastewater from 65 
the decomposition step will not affect the subsequent micro- 
bial decomposition step of halo acids. 
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When the microbial decomposition step is included in the 
process, it needs to adjust the pH of the wastewater in the 
preceding neutralizing step not to a level having no effect to 
the environment but to a level not hampering the microbial 
activities, considering that the wastewater is diluted in the 
microbial decomposition step. 

Adjustment of pH may be carried out to the discharge 
from the microbial treatment step before the final release 
into the environment. For example, if the wastewater con- 
taining trichloroacetic acid as a decomposition product after 
the functional water treatment is adjusted to have a pH of 
around 4-9, preferably 6-8, the microorganism in an acti- 
vated sludge tank will be hardly affected. 

Next, for the purpose of the invention, the constitution of 
an apparatus for decomposing the target substance can be as 
described in 1) or 2) below. 

1) — Target substance to be decomposed is directly intro- 
duced into an electrolytic water- generating unit, and the 
acidic functional water mixed with the target substance is 
irradiated with light — 

FIG. 1 is a schematic block diagram of an embodiment of 
the apparatus for decomposing the target substance accord- 
ing to the invention. In FIG. 1, reference numeral 101 
denotes a water tank. The water tank 101 is provided with an 
anode 105, a cathode 103, a diaphragm 107 which may be 
made of an ion exchange membrane, a power source 109 
connected to the electrodes, a set of a pipe 111 and a pump 
113 for supplying an aqueous electrolyte solution into the 
water tank and another set of a pipe 115 and a pump 117 for 
supplying the target substance or a medium containing it. 
Reference numeral 119 denotes a tank for collecting the 
functional water which has lost its activity after the reaction 
with the target substance and for mixing it with the alkaline 
functional water generated around the cathode 103. Refer- 
ence numeral 167 denotes pH controlling means to adjust 
the pH of the mixed solution to pH 6-8, reference numeral 
168 denotes means to reduce the residual chlorine concen- 
tration of the mixed solution to 1 mg/1 or less, e.g., an 
aeration tank. This aeration means can be replaced with light 
irradiation means or both means can be used. Reference 
numeral 169 denotes a microbial treatment tank to treat the 
decomposition product containing solution. 

First, an aqueous electrolyte solution is supplied to fill the 
water tank 101. When power is supplied to the electrodes 
103 and 105 for electrolysis, functional water is generated 
around the anode 105. The target substance can be supplied 
continuously at a desired flow rate to the compartment 
having the anode 105 of the water tank 101 through the pipe 
115, while the functional water is irradiated with light from 
a light source 166 arranged at the water tank 101. Then, the 
target substance comes in contact with the functional water 
and is decomposed in an accelerated manner by irradiation. 
The decomposed gas is discharged through a gas discharge 
pipe 121. When no gas is discharged, a discharge pipe 121 
is not necessary. 

The functional water that has lost its activity as a result of 
the reaction with the target substance is discharged into the 
tank 119 from the water tank 101 by a water discharge pipe 
118 to be mixed with the alkaline functional water generated 
around the cathode 103. The mixture in the tank 119 is 
adjusted to a pH level of around 7, by a pH controlling 
means 167, as required. 

Then the mixture is introduced into the aeration tank 168, 
where remaining chlorine in the mixture is driven off from 
the mixture, and then into the microbial treatment tank 169, 
where the decomposition product is further decomposed by 
the microorganisms. Any type of microorganism may be 
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used, so Long as it can decompose the decomposition prod- a tank 137 storing a liquid target substance or a liquid 

uct. Activated sludge is useful for the present invention, and medium containing the target substance in a dissolved state 

preferable because of its simplicity. to the decomposition tank 143 by way of a pump 141 and a 

As the diaphragm, suitably used is an ion exchange pipe 139. The inside of the decomposition tank 143 is 

membrane which can restrain the movement of the electro- 5 irradiated by means of a light irradiation unit 166. The target 

lyte solution around the cathode 103 or the anode 105 substance comes into contact with the function water and 

toward the opposite electrode, and allows irreversible move- decomposition is accelerated by irradiation, 

ment of positive ions (e.g., Na*, Ca 2 ^, Mg 2+ , K + , etc.) from The acidic functional water is discharged from the decom- 

the anode side toward the cathode side and that of negative position tank 143 after the reaction via the pipe 118 into the 

ions (e.g., CI", S0 4 2 ~, HC0 3 ~, etc.) from the cathode side 10 tank 119 and mixed with the alkaline functional water 

toward the anode side. In other words, by using an ion generated around the cathode 103. The mixture in the tank 

exchange membrane for the diaphragm, functional water 119 is adjusted to a pH level of around 7, by the pH 

having the properties discussed later can be efficiently controlling means 167, as required. 

produced around the anode. The mixture is introduced into the aeration tank 168, 

FIG. 2 outlines another embodiment of the apparatus of 15 where remaining chlorine in the mixture is driven off, and 

the present invention to decompose the target substance in a then the mixture is transferred into the microbial treatment 

liquid state or dissolved in a liquid medium, where reference tank 169, where the decomposition product is further 

numeral 137 denotes a tank to contain the liquid target decomposed by the microorganism. Any type of microor- 

substance or a liquid medium containing target substance, ganism may be used, so long as it can decompose the 

reference numerals 139 and 141 denote a pipe and a pump 20 decomposition product. Activated sludge is useful for the 

which supply the liquid held in the tank 137 to the functional present invention, and preferable because of its simplicity, 

water generator 123, reference numeral 129 denotes a tank FIGS. 4 and 5 illustrate the embodiments which use the 

holding an electrolyte solution, and reference numerals 131 functional water generated by electrolysis. Alternatively, the 

and 133 denotes a pump and a pipe to supply the solution functional water can be obtained by means of other than 

held in the tank 129 to the functional water generator 123. 25 electrolysis. For example, the method of the present inven- 

2) — Functional water is produced in an electrolytic water tion can use the functional water prepared by dissolving 

production apparatus and transferred into a decomposi- various agents in source water. In this case, the functional 

tion treatment tank where a target substance comes into water is prepared in the generator 123 by dissolving the 

contact with the functional water under irradiation — agent into source water, and sent to the decomposition tank 

FIG. 5 is a schematic diagram of one embodiment of the 30 143 through the pump 145 and pipe 147. The functional 

apparatus for decomposing a target substance according to water after used for the decomposition is adjusted to around 

the invention. Referring to FIG. 5, functional water pro- pH 7 in the mixture tank 119 by the pH-adjusting means 167. 

duced at the anode side of the functional water-generating The pH-adjusting is more preferable than mixing the alka- 

unit 123 is supplied continuously to the decomposition line functional water in this case. 

treatment tank 143 at a desired flow rate by way of a pump 35 FIG. 3 is a schematic block diagram of still another 

145 and a pipe 147. A target substance, for example, a embodiment of the apparatus for decomposing a target 

gaseous chlorinated aliphatic hydrocarbon compound, is substance according to the invention, directed to an easily 

also supplied continuously to the decomposition tank 143 at gasifiable target substance such as trichloroethylene. Refer- 

a desired flow rate by way of a feed pipe 115 and a pump ring to FIG. 3, the embodiment comprises a functional 

117, while the inside of the decomposition tank 143 is 40 water-generating unit 123, column-shaped decomposition 

irradiated by means of a light irradiation unit 166. The target tanks 151-1 through 151-5 for decomposing the target 

substance comes into contact with the functional water in the substance, light irradiation units 166-1 through 166-5 and a 

decomposition tank 143 and decomposition is accelerated by pipe and pump 139 for supplying acidic functional water 

irradiation. The functional water used in the treatment is produced by the functional water-generating unit 123 to the 
then discharged from the decomposition tank 143 into a tank* 45 decomposition container 151-1. As shown in FIG. 3, the five 

119. The purified gas is discharged through a discharge pipe decomposition tanks 151-1 through 151-5 are connected in 

121. tandem so that the target substance may contact acidic 

The acidic functional water discharged from the decom- functional water for a prolonged period of time and any 

position tank 143 after the reaction via the pipe 118 into the residual target substance that has not been decomposed in 

tank 119 is then mixed with the alkaline functional water 50 the upstream tank(s) 151-1 through 151-4 may be brought 

generated around the cathode 103. The mixture in the tank into contact with additional acidic functional water in the 

119 is adjusted to a pH level of around 7, by the pH downstream tank(s) 151-2 through 151-5 under irradiation 

controlling means 167, as required. until they become completely decomposed. The number of 

The mixture is then introduced into the aeration tank 168, decomposition tanks to be connected may be appropriately 

where remaining chlorine in the mixture is driven off, and 55 selected depending on the concentration and the degradabil- 

then the mixture is transferred into the microbial treatment ity of the target substance involved, without specific limi- 

tank 169, where the decomposition product is further tation. 

decomposed by the aid of the microorganisms. Any type of The functional water is discharged after the reaction via 

microorganism may be used, so long as it decomposes the the pipe 118 into the tank 119 to be mixed with the alkaline 

decomposition product. Activated sludge is useful for the 60 functional water generated around the cathode 103. The 

present invention, and preferable because of its simplicity. mixture in the tank 119 is adjusted to a pH level of around 

FIG. 4 is a schematic block diagram of still another 7, by the pH controlling means 167, as required, 

embodiment of the apparatus for decomposing a target The mixture is introduced into the aeration tank 168, 

substance according to the invention. Referring to FIG. 4, where remaining chlorine is driven off from the mixture, and 

functional water produced in a functional water-generating 65 then the mixture is transferred into the microbial treatment 

unit 123 is supplied to a decomposition tank 143 by way of tank 169, where the decomposition product is further 

a pump 145 and a pipe 147. The target substance is fed from decomposed by the microorganism. Any type of microor- 
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ganism may be used, so long as it can decompose the 
decomposition product. Activated sludge is useful for the 
present invention, and preferable because of its simplicity. 

If the target substance to be treated is in a gaseous state, 
an arrangement as shown in FIG. 6 may be used to reduce 
the length of the reaction vessel and increase the area and the 
period of contact between functional water and the target 
substance. Referring to FIG. 6, the embodiment comprises a 
reaction column 151 that is packed with a filler 157 that can 
adsorb the target substance. The embodiment also comprises 
a light irradiation unit 166 adapted to irradiate the inside of 
the reaction column 151, means 159 which is a pipe pro- 
vided with a blower 128 for introducing gasified target 
substance into the reaction column 151, a functional water- 
generating unit 123 and a storage tank 153 for storing the 
functional water produced by the functional-water generat- 
ing unit 123. The functional water stored in the storage tank 
153 is fed dropwise into the reaction column 151 from the 
top by means of a pump 155. The gaseous target substance 
is introduced into the column 151 from its top. The func- 
tional water flows down along the filler in the column 151 
and the gaseous target substance absorbed by the filler is 
decomposed in an accelerated manner under irradiation. 

The functional water is discharged from the column 151 
after the reaction and sent via the pipe 118 into the tank 119 
to be mixed with the alkaline functional water generated 
around the cathode 103. The mixture in the tank 119 is 
adjusted to a pH level of around 7, by the pH controlling 
means 167, as required. 

The mixture is introduced into the aeration tank 168, 
where remaining chlorine in the mixture is driven off from 
the mixture, and then into the microbial treatment tank 169, 
where the decomposition product is further decomposed by 
the microorganism. Any type of microorganism may be 
used, so long as it can decompose the decomposition prod- 
uct. Activated sludge is useful for the present invention, and 
preferable because of its simplicity. 

Any filler may be used in this embodiment so long as it 
can provide an increased contact area for functional water 
and a target substance. It may be in porous, hollow or 
spherical shape made of an inorganic or organic material. 
Any particular filler used in the chemical industry, the 
pharmaceutical industry, the food industry and/or waste 
water treatment systems may be used for the purpose of the 
invention. 

The above described embodiments of apparatus according 
to the invention can decompose gaseous target substance, 
and applicable to a process for purifying exhaust gas dis- 
charged from of various industrial plants or refuse incinera- 
tion plants. 

Combustion gas discharged from industrial plants and 
refuse incineration systems typically contains various halo- 
genated aliphatic hydrocarbon compounds and aromatic 
compounds as well as soot and smoke. Since fine dust may 
cause diseases in the respiratory tract, and benzpyrene and 
dioxin are strongly carcinogenic and mutagenic, it is a very 
important technical problem to purify exhaust gas and 
remove such harmful substances therefrom. In known pro- 
cesses for removing harmful substances, typically used are 
tandemly connected exhaust gas treatment apparatuses for 
dust collection, denitrification, desulfurization, dechlorina- 
tion and so on, where halogenated aliphatic hydrocarbon 
compounds and aromatic compounds are removed individu- 
ally and stepwise. For instance, Japanese Patent Application 
Laid-Open No. 5-115722 describes a purification method for 
halogenated aliphatic hydrocarbon compounds and aromatic 
compounds, using exhaust gas filters typically made of 
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zeolite or ceramic of improved mechanical strength, shock- 
resistance and capture efficiency for the harmful substance. 
While such known processes can collect relatively large 
particles, they cannot practically remove molecular haloge- 

5 nated aliphatic hydrocarbon compounds or aromatic com- 
pounds because they simply rely on a filtering effect for 
purifying the exhaust gas. 

On the other hand, there are proposed a number of 
apparatuses for purifying exhaust gas containing haloge- 
nated aliphatic hydrocarbon compounds and aromatic com- 
pounds by contacting it with a catalyst. For example, Japa- 
nese Patent Application Laid-Open No. 5-149127 discloses 
a method and an apparatus for rendering soot and harmful 
compounds such as halogenated aliphatic hydrocarbon com- 
pounds or aromatic compounds contained in exhaust gas 

15 harmless by means of an oxidation catalyst and a heater 
therefor. The size of such an apparatus depends on the 
volume of exhaust gas to be treated and the quantity of the 
target substance contained in it. Therefore, systems 
equipped with a heating apparatus become considerably 

20 large in size with high running cost, since exhaust gas is 
discharged at a rate of 50 to 500 m 3 /h from a refuse 
incineration furnace or from a facility to extract contami- 
nated gas from soil. Japanese Patent Application Laid-Open 
No. 6-246133 describes a method of heating and decom- 

25 posing aliphatic hydrocarbon compounds or aromatic com- 
pounds by generating a corona discharge in exhaust gas. 
Both methods can decompose soot particles as well as low 
to high molecular weight halogenated aliphatic hydrocarbon 
compounds or aromatic compound, to make them harmless. 

30 However, the concentration of harmful substances contained 
in the exhaust gas changes time to time and even when the 
pollutant concentration of the exhaust gas is low, continuous 
heating, high frequency application or corona discharge is 
required for a considerably long period. Therefore, there is 

35 a problem in the efficiency of energy consumption. 
Additionally, it is difficult to treat these compounds in high 
concentration by using any of the above oxidization 
processes, unless a number of apparatuses are arranged in 
parallel or in tandem to alleviate the load to each apparatus. 

40 Methods and apparatuses using microorganisms have 
been proposed for purifying exhaust gas economically and 
with a relatively small environmental load. For instance, 
U.S. Pat. No. 4,009,099 describes a method for purifying 
exhaust gas by decomposing gaseous contaminants as well 

45 as soot particles by means of microorganisms. U.S. Pat. No. 
5,494,574 describes a method for purifying polluted water or 
gas containing harmful halogenated aliphatic hydrocarbon 
compounds or aromatic compounds by circulating a filler 
onto which microorganisms are fixed in the reaction tank, 

50 while polluted water or gas passes through the tank. 
However, these methods have problems that the assimilation 
capability of the microorganisms limits the types of the 
target compounds to be decomposed and that the decompo- 
sition process takes a relatively long time. 

55 Contrary to the above described known techniques, the 
method of the present invention can efficiently decompose 
the target substance simply by bringing them into contact 
with functional water and irradiating them with light. 
Therefore, this will be a very effective technology for 

60 purifying exhaust gas, since some of the halogenated ali- 
phatic hydrocarbons contained in the exhaust gas can be 
reliably decomposed simply by contacting the exhaust gas 
with functional water and irradiating them with light. When 
a method of decomposing a target substance according to the 

65 invention is used for purifying exhaust gas, an apparatus 
having a constitution shown in, FIG. 6 as described above or 
FIG. 7 as described below, may suitably be employed. 
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FIG. 7 shows a refuse incinerator 161, a device 163 (e.g., generator 123 and sent to the reactor column 151 via the 

electric dust collector) for removing soot from exhaust gas functional water holding tank 153. The used functional 

emitted from the incinerator 161, a functional water- water is sent to the mixture tank 119 and adjusted at a pH 

generating unit 123, a reaction tank 165 where functional level of around 7 by the pH-adjusting means 167, not using 

water and the exhaust gas from which powdery dust has 5 alkaline functional water. In the apparatus shown in FIG. 7, 

been removed react, and a light irradiation unit 166 for functional water may be produced by dissolving an agent in 

irradiating the inside of the reaction tank. There is also the functional water generator 123 and sent to the reaction 

■ i I . m r„ . • „„ _,^, ir , . „ vessel 165. The used functional water is sent to the mixture 

provided a storage means 129 for storing an aqueous elec- , _,■ . j . H i i c j n u *u 

r , , c j • * ?• i ♦ tank 119 and adiusted at a pH level or around 7 by the 

trolyte solution necessary for producing functional water au J^^« ^ a F j 

, J , , , - T | i i iiit ■ * pH-adiusting means 167, not using alkaline functional water, 

(prepared by dissolving a water-soluble electrolyte into 10 r ~ . .„ . , ° c 

^ r \ „, . • j • -» « • * When exhaust gas is purified by means of an apparatus as 

source water). The soot removing device 163 is to remove u . ™« J 9 tU r , . u f i „ r „.^ „„j 

. . ' i- i i_* shown in FIG. 6, the rates at which functional water and 

soot particles contained in a large amount in exhaust gas , t ' , e U1 _ , . . , 

. • • . ■, || » j * exhaust gas are supplied are preferably regulated so that the 

discharged from the mcmerator 161, and the collected soot , ■ , . r u * • *i_ i 

. & i . i 4r ,i » c. , , voluminal percentage of exhaust gas in the reaction column 

particles can be taken out from the device. Functional water j • j , ■ !L * * 

^ , , JlU . r .u c *• i * exceeds 0.5, in order to increase the gas/liquid contact area 

produced around the anode of the functional water- 15 , . , . * ? . 

. . j • * . 1(C e and the average retention time of exhaust gas. 

generating unit 123 is supplied to the reaction tank 165, . c .. . - . r - t , 

& L \ . t , . a- . Applicable areas of the present invention are not limited 

where exhaust gas and functional water can efficiently . JT . j t j u j- * r? i *u 

. , * ai* I-** J** - i« * -j j to the above described embodiments. For example, the 

contact each other. A light irradiation unit 166 is provided . . . . , . A . t , r ' 

... -j i * i ^ cc * < ^ present invention is apphcable not only to exhaust gases 

inside or outside of the tank 165 to promote decomposition , , . j. ■ • * L . • i 

- . t , , , . , 1jCe . ! discharged from garbage incinerators, but also to general 

of the targe, substance. The react™ ank 165 u also 20 exhaus f * ^ discharged &om vehicles . 6 

provided with a gas dscharge port 121 for dtschargmg * ; » . nveDtion <an 

purified exhaust gas from which the target substance has . , , ' , \. , . , , , 

1 j 0 decompose a haloeenated aliphatic hydrocarbon and/or aro- 

been removed. . . r , 0 . « ; c , , 

vr . . , . , r,. . , . matic compound economically and sarely under normal 

Next, the process is explained. First, exhaust gas coming # * j i* u i a « -p 

- , 1 / . . / - ~ . . ' , j ■ * j * 1- temperature and pressure. It can be also used to purify 

from the refuse incinerator 161 is introduced into the dust 25 * t f . . c , . . , r , ./ 

n . , * #*u ^* 1 . ■ j . exhaust gases containing a variety of halogenated aliphatic 

collector 163, where most of the soot particles contained in f. j 

JA r 1.1*1 hydrocarbon and aromatic compounds, 

the exhaust gas are removed. An aqueous electrolyte solu- J _, . ^--j -. .iu 

v , r tl _ . * i i^n * *u t *• i Th e present invention is desenbed more concretely by 

tion is supplied from the storage tank 129 to the functional f it • p i 

water-generating means 123 to be electrolyzed there. Func- s p 

tional water produced around the anode of the means 123 is 30 EXAMPLE 1 

supplied to the reaction tank 165. Exhaust gas and functional Apparatus for Decomposing Gaseous Trichloro ethylene 

water come into contact in the reaction tank 165 and are (TCE) 

irradiated with light by the light irradiation unit 166 so that An apparatus as illustrated in FIG. 1 was prepared. A gas 

the target substance contained in the exhaust gas is decom- inlet pipe 115 was provided to introduce gaseous TCE into 

posed. Then, the treated exhaust gas is discharged from the 35 the anode side of a strongly acidic functional water gener- 

gas discharge port 121 and the functional water used for ating apparatus 123 (Strong Functional Water Generator 

treating the target substance is also discharged from a water (Model FW200): a product of Amano). Then, the inlet pipe 

discharge port 118. 115 was connected to a gas supply unit (standard gas 

The functional water after the reaction is sent via the pipe generator, Gastec PD-18: tradename) for providing air con- 

118 into the tank 119 to be mixed with the alkaline func- 40 taining TCE. A set of a pump 113 and a pipe 111 was 

tional water generated around the cathode 103. The mixture installed to supply an aqueous electrolyte solution to the 

in the tank 119 is adjusted to a pH level of around 7, by the apparatus 123 from a tank storing the solution. Then, a water 

pH controlling means 167, as required. tank 101 of the apparatus 123 was filled with the electrolyte 

The mixture is introduced into the aeration tank 168, solution. Subsequently, air containing 700 ppm TCE was 

where remaining chlorine in the mixture is driven off from 45 continuously fed into the apparatus 123 at a flow rate of 50 

the mixture, and then into the microbial treatment tank 169, ml/min, while the apparatus was running. It was confirmed 

where the decomposition product is further decomposed by that functional water produced around the anode 105 has a 

the microorganism. Any type of microorganism may be pH value of 2.1, an oxidation-reduction potential of 1,150 

used, so long as it can decompose the decomposition prod- mV and a residual chlorine concentration of 54 mg/L The 

uct Activated sludge is useful for the present invention, and 50 inside of the water tank 101 was irradiated with light emitted 

preferable because of its simplicity. from a light irradiation means 166 (black light fluorescent 

When an exhaust gas treatment apparatus having a con- lamp FL10BLB: a product of Toshiba, 10 W). The waste- 
figuration as described above was actually used for treating water discharged from the discharge port 118 provided at the 
exhaust gas from a refuse incinerator, 99 to 99.7% of the anode 105 side of the apparatus 123 was stored in a waste 
target substance contained in the exhaust gas was decom- 55 tank 119, from which TCE was extracted with hexane and 
posed. Thus, the excellent purifying potential for exhaust the TCE concentration of the wastewater was determined by 
gas of the apparatus is clear. Additionally, although the used gas chromatography with an ECD detector (GC-14B: a 
functional water is discharged from the water discharge port product of Shimadzu Seisakusho). TCE concentration was 
118 in the configuration of FIG. 6 or 7, it may be subjected less than 0.03 ppm, but dichloroacetic acid was found at a 
to a filtering and/or precipitation process when it contains 60 concentration of 3.2 ppm. The TCE concentration of the gas 
solid matter such as soot particles in an large amount, discharged through the discharge pipe 121 was also deter- 

FIGS. 6 and 7 illustrate the embodiments which use the mined by gas chromatography with an FID detector (GC- 

functional water generated by electrolysis. However, other 14B: a product of Shimadzu Seisakusho; DB-624 column: a 

than electrolysis, functional water can be obtained by dis- product of J&W). The TCE concentration in the discharged 

solving various agents in source water in the present inven- 65 gas was less than 1 ppm. The wastewater discharged from 

tion. In the apparatus shown in FIG. 6, functional water may the discharge port 118 was mixed in the tank 119 with the 

be produced by dissolving an agent in the functional water alkaline functional water generated at the cathode 103 
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compartment. The mixture had a pH of 7.1 . It was sent to the EXAMPLE 3 

aeration tank 168, where it was aerated at 200 mUmin to a Continuous Decomposition of Trichloroethylene (TCE) with 

chlorine concentration level of 0.5 ppm or less. Functional Water 

The mixture was then sent to the microbial treatment tank _ , . , . . ~ , 

169, containing soil and soil microorganisms collected in 5 , In this example, an apparatus as shown ^* was us ^ 

Morinoichi, Atsugi-shi, Kanagawa Prefecture, Japan. It was for the experiment of decomposing TCE. The same strongly 

treated with the microorganisms for 6 hours. As a result, the acidlc Actional water generating apparatus 123 as used in 

peak of dichloroacetic acid, presumably due to TCE degra- Example 1 was used to produce functional water having a 

dation disappeared. value of 2.1, an oxidation -reduction potential of 1,150 

io mV and a residual chlorine concentration of 54 mg/1 at the 

EXAMPLE 2 anode side thereof, and was then continuously supplied to 

Apparatus to Decompose a Synthetic Contaminated Solu- the decomposition column 151-1 at a flow rate of 100 

tion ml/min by means of a pump 139. A decomposition column 

An apparatus as shown in FIG, 2 was assembled incor- 151 comprised of 5 columns connected in series to provide 

porating a strongly acidic functional water-generating appa- 35 a prolonged average retention time for TCE gas. Each 

ratus 123 (Strong Electrolytic Water Generator (Model column had a capacity of about 1,200 ml. Black light 

FW200): a product of Amano). A set of a pipe 139 and a fluorescent lamps (FL10BLB: tradename, a product of 

pump 141 was arranged in such a way that a synthetic Toshiba, 10 W) were used as light irradiation means 166-1 

contaminated solution was supplied from a tank 137 to the through 166-5 to irradiate the respective decomposition 

compartment of the anode 105 of the water tank 101 of the 20 columns. The inside of each column was irradiated with 

apparatus 123. An aqueous electrolyte solution was supplied light at an intensity of 0.5-0.8 mW/cm 2 . Air containing 

to the water tank 101 from a storage tank 129 by a set of a gaseous 1700 ppm TCE was supplied continuously from a 

feed pump 131 and a pipe 133. A synthetic contaminated gas supply unit 127 (Standard Gas Generator, Gastec 

solution of the following composition was put into the tank PD-1B: tradename) to the bottom of the decomposition 

137, 25 column 151-1 at a flow rate of 100 ml/min. The functional 

Composition of Contaminated Synthetic Solution water discharged from the discharge port 118 of the column 

151-5 was stored in a waste tank 119. The TCE concentra- 
tion of the gas discharged from a gas discharge port 121 was 

determined by gas chromatography. The TCE concentration 

TCE 600 m g 30 in the discharged gas was 10-17 ppm. The used functional 

P 5? E e 5 ?2 m8 water discharged from the port 118 contained 8.0 ppm 

chloroform 2D mg . • , 

^tcr n Utcr dichloroacetic acid. 

~— ^ ^ ~~~ — — — -The used functional water discharged from the port 118 

A£l , . , AM ... was mixed in the tank 119 with the alkaline functional water 

After filling the water tank 101 with the synthetic con- , , 4 . ^ a + M n n * < ,l- 

. . j r\- j .« i ♦ i i generated at the cathode 103 side. The pH was 7.1 at this 

laminated solution and the aqueous electrolyte solution, the . » 4 t . , , \, a , 

. ? , a'* ♦ a point. It was sent to the aeration tank 168, where it was 

apparatus 123 was operated under conditions to produce r , , . 4 . 4 /. , . cn c 

& i * , . . ■ tt i c -i i a * ' aerated at 200 ml/mm to a chlorine concentration level of 0.5 

functional water having a pH value of 2.1, an oxidation- m ^ 

reduction potential of 1,100 mV and a residual chlorine ^ m or CSS " 

concentration of 50 mg/l, by electrolyzing for 11 minutes an 40 ^ mixture was then sent to the microbial treatment tank 
electrolyte solution of 1000 mg/1, while the inside of the 169 » containing soil and soil microorganisms collected in 
water tank 101 was irradiated with light emitted from a light Morinoichi, Atsugi-shi, Kanagawa Prefecture, Japan. Micro- 
irradiation means 166 (black light fluorescent lamp bial treatment was carried out with a retention time of 6 
FL10BLB: a product of Toshiba, 10 W) at an intensity of hours - As a result, the peak of dichloroacetic acid, presum- 
0 5-0 8 mW/cm 2 45 a ^ v ^ ue *° TCE degradation disappeared. 

After one hour operation, the wastewater discharged from 

the discharge port 118 of the water tank 101 was stored in EXAMPLE 4 

a waste tank 119 and the concentrations of TCE, PCE and Continuous Decomposition of Synthetic Contaminated 

chloroform of the waste solution were measured. As a result, Solution with Functional Water 

they were all less than 0.1 ppm. However, there were found 50 In this cxamp i e , an experiment of decomposing haloge- 
dichloroacetic acid and trichloroacetic acid, presumably nated al j phat i c hydrocarbon compounds and aromatic corn- 
decomposition products of TCE and PCE, at 12 and 10 ppm, pounds was conducted by using a decomposition apparatus 
respectively. as snown j n piG. 4. A strongly acidic functional water 

The wastewater discharged from the discharge port 118 generating apparatus 123 (OASYS Bio HALF: tradename, a 

was mixed in the tank 119 with the alkaline functional water 55 product of Asahi Glass Engineering) was used to produce 

generated at the compartment of the cathode 103. The functional water having a pH of 2.1, an oxidation-reduction 

mixture had a pH of 7.1. potential of 1,150 mV and a residual chlorine concentration 

Then it was sent to the aeration tank 168 and aerated at of 50 mg/1 at the anode side thereof. This functional water 

200 ml/min to achieve a chlorine concentration level of 0.5 was then continuously supplied to a decomposition tank 143 

ppm or less. 60 at a flow rate of 45 ml/min by means of a pump 145. 

The wastewater was then sent to the microbial treatment Synthetic contaminated solution having the following com- 

tank 169, containing activated sludge collected from the position was put into a tank 137, from which the solution 

waste water treatment tank at Canon Central Research was continuously fed to a decomposition tank 143. The 

Center. Microbial treatment was carried out for 3 hours. As inside of the container 143 was irradiated with light emitted 

a result, the peaks of dichloroacetic acid and trichloroacetic 65 from light irradiation means 166 (Black Light Fluorescent 

acid, presumably due to the degradation of TCE and PCE Lamp (FL10BLB: tradename, a product of Toshiba, 10 W)) 

disappeared. at an intensity of 0.5-0.8 mW/cm 2 . 
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Composition of Synthetic Contaminated Solution 
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TCE 
PCE 

chloroform 
water 



600 mg 
500 mg 
20 mg 
3 liter 



20 



30 



35 



The decomposition tank 143 had a capacity of about 6,000 
ml for the mixture and the average retention time of TCE 
was 2 hours. The functional water discharged from the 
discharge port 118 of the tank 143 was stored in a waste tank 
119 and the concentrations of TCE, PCE and chloroform 
contained in the wastewater were determined by gas chro- 
matography. As a result, they were less than 0.1 ppm, but 
there were observed slight peaks of dichloroacetic acid and 
trichloroacetic acid presumably due to the decomposition of 
TCE and PCE, respectively. 

The used functional water discharged from the port 118 
was mixed in the tank 119 with the alkaline functional water 
generated at the cathode 103 compartment. The pH was 7.1 
at this point. It was sent to the aeration tank 168, where it 
was aerated at 200 ml/min to a chlorine concentration level 
of 0.5 ppm or less. 

The mixture was then sent to the microbial treatment tank 
169, containing soil and soil microorganisms collected in 
Morinoichi, Atsugi-shi, Kanagawa Prefecture, Japan and 
adapted. Microbial treatment was carried out with a reten- 
tion time of 6 hours. As a result, the peaks of dichloroacetic 
acid and trichloroacetic acid disappeared. 

EXAMPLE 5 

Purification of Exhaust Gas Containing Halogenated Ali- 
phatic Hydrocarbon Compounds and Aromatic Compounds 
by Functional Electrolytic Water and Light Irradiation 

A simulation experiment for purifying exhaust gas was 
conducted by using an apparatus for decomposing gaseous 
halogenated aliphatic hydrocarbon compounds by using 
functional water as shown in FIG. 6. Functional water 
prepared at the compartment of the anode 105 of a functional 
water generator 123 (OASYS Bio HALF: tradename, a 
product of Asahi Glass Engineering) was stored in a storage 
tank 153, from which functional water was sent by means of 
pump 155 at a flow rate of 100 ml/min to flow down in a 
reaction column 151. The reaction column 151 was 100 cm 
long and 10 cm in diameter, and filled with a filler (Biscopal: 
a product of Rengo, particle diameter: 2 mm) at a density of 
0.1 g/cm 3 . 

As a model exhaust gas, air containing soot particles, 
ethylene chloride, benzene, phenol, trichloroethylene and 50 
tetrachloroethylene to respective concentrations as listed in 
Table 1 (hereinafter referred to as "exhaust gas") was 
prepared. The reaction column 151 is provided at the top 
thereof with an inlet port for functional water and an inlet 
port for exhaust gas and at the bottom thereof with a gas 55 
discharge port and a water discharge port. The model 
exhaust gas was supplied to the reaction column 151 at a rate 
of 15 ml/min, while functional water was introduced at a rate 
of 100 ml/min. The functional water was obtained by 
electrolysis of electrolyte-containing water and has a pH of 60 
2.1, an oxidation -reduction potential of 1,000 mV with a 
working electrode of platinum and a reference electrode of 
silver-silver chloride, and a chlorine concentration was 45 
mg/1. The functional water and the exhaust gas were brought 
into contact on the surface of the filler under irradiation with 65 
light emitted from a black fluorescent lamp (FL10BLB: 
tradename, a product of Toshiba, 10 W), The light intensity 



was 0.5-0.8 mW/cm 2 . The functional water flowed down to 
the bottom of the reaction column 151 was discharged from 
the water discharge port 118 as wastewater. The hexane 
extract of the wastewater was subjected to gas chromatog- 
raphy with an ECD detector to determine the concentrations 
of the various halogenated aliphatic hydrocarbon com- 
pounds and aromatic compounds in the wastewater. As a 
result, concentrations of ethylene chloride, benzene, phenol, 
trichloroethylene and tetrachloroethylene were less than 
0.03 ppm. The exhaust gas passed through the reaction 
column was discharged from the exhaust gas discharge port 
121 at the bottom of the reaction column. The concentrations 
of the components of the exhaust gas after treatment are 
shown in Table 1 below. 

TABLE 1 



45 





Before 


After 




treatment 


treatment 


Soot particles (g/Nm 3 ) 


15-25 


0.1 or less 


Ethylene chloride (ppm) 


0.3 


0.006 or less 


Benzene (ppm) 


0.8 


0.007 or less 


Phenol (ppm) 


0.5 


0.006 or less 


Trichloroethylene (ppm) 


12 


0.05 or less 


Tetrachloroethylene (ppm) 


4 


0.05 or less 



However, it was observed that in the functional water 
discharged from the discharge port 118 there were several 
slight peaks of dichloroacetic acid etc., presumably decom- 
position products of TCE etc. 

The functional water used for the treatment was mixed in 
the tank 119 with the alkaline functional water generated at 
the cathode 103 compartment. The resulting solution had a 
pH of 7.1. It was sent to the aeration tank 168, where it was 
aerated at 200 ml/min, to a chlorine concentration of 0.5 
ppm or less. The mixed solution was then sent to the 
microbial treatment tank 169, containing acclimatized soil 
and soil microorganisms collected in Morinoichi, Atsugi- 
shi, Kanagawa Prefecture, Japan. Microbial treatment was 
carried out with a retention time of 6 hours. As a result, all 
peaks of decomposition products disappeared. 

What is claimed is: 

1. A method for decomposing a halogenated aliphatic 
hydrocarbon compound or a halogenated aromatic 
compound, comprising the steps of: 

(i) providing chlorine; 

(ii) contacting the halogenated aliphatic hydrocarbon 
compound or the halogenated aromatic compound with 
the chlorine under irradiation with light at a wavelength 
of 300 nm to 500 nm to generate chlorine radicals and 
form a wastewater; and 

(iii) contacting the wastewater with air to decrease the 
chlorine concentration in the wastewater. 

2. Trie method according to claim 1, wherein said step (iii) 
reduces the chlorine concentration of the wastewater to 1 
mg/1 or less. 

3. The method according to claim 2, wherein said step (iii) 
comprises aeration of or light irradiation of the wastewater 
from said step (ii). 

4. The method according to claim 3, wherein the wave- 
length of the light is 350 to 450 nm. 

5. The method according to claim 4, wherein irradiation 
intensity of the light is 10 jiW/cm 2 to 10 mW/cm 2 . 



WEST 



